The operation of organic field-effect transistors is governed by the processes taking place at the device interfaces. The mismatch in the coefficients of thermal expansion of the consecutive layers can induce inhomogeneous strain in the organic semiconductor layer and reduce performance by increasing the electronic trap density. We show that a high-quality organic semiconductor layer is necessary, but not sufficient, to obtain efficient charge-carrier transport, and we propose a device design strategy that allows us to achieve the intrinsic performance limits of a given organic semiconductor regardless of the relative thermal expansions of the constituent layers. (See pp. E6739-E6748.) Biologically available nitrogen (fixed N) limits the fertility of much of the ocean. Of the processes that remove fixed N from the ocean, conversion to N 2 in coastal sediments appears to dominate. This work provides the strongest data-based support for the long-standing hypothesis of changes in N loss along the ocean margin due to the cyclic drowning and emergence of the continental shelves. The data also imply strong local coupling of N loss to N 2 fixation, the dominant N input to the ocean, thus suggesting a stable oceanic fixed N reservoir over glacial cycles. Finally, this work points to glacial/interglacial oscillations in the biogeochemical fluxes at and near the ocean margins that would have influenced the evolution of coastal species. (See pp. E6759-E6766.)
The operation of organic field-effect transistors is governed by the processes taking place at the device interfaces. The mismatch in the coefficients of thermal expansion of the consecutive layers can induce inhomogeneous strain in the organic semiconductor layer and reduce performance by increasing the electronic trap density. We show that a high-quality organic semiconductor layer is necessary, but not sufficient, to obtain efficient charge-carrier transport, and we propose a device design strategy that allows us to achieve the intrinsic performance limits of a given organic semiconductor regardless of the relative thermal expansions of the constituent layers. (See pp. E6739-E6748.)
Quantitative time-resolved chemoproteomics reveals that stable O-GlcNAc regulates box C/D snoRNP biogenesis Wei Qin, Pinou Lv, Xinqi Fan, Baiyi Quan, Yuntao Zhu, Ke Qin, Ying Chen, Chu Wang, and Xing Chen
In mammalian cells, more than 1,000 intracellular proteins are posttranslationally modified with O-linked GlcNAc (O-GlcNAc), which regulates many important biological processes. The O-GlcNAc modification has been found to dynamically cycle on and off the modified proteins. How O-GlcNAc affects protein stability remains to be investigated at the proteome level. In this work, we developed a quantitative time-resolved proteomic strategy to analyze the turnover dynamics of O-GlcNAcylated proteins. We discovered that not all protein O-GlcNAcylation events were reversible and that a subset of O-GlcNAcylated proteins exhibited minimal removal of O-GlcNAc or degradation of protein backbones. Our work reveals stable O-GlcNAc as an important regulatory mechanism for stabilizing proteins, such as core proteins of box C/D small nucleolar ribonucleoprotein complexes. (See pp. E6749-E6758.)
Impact of glacial/interglacial sea level change on the ocean nitrogen cycle Biologically available nitrogen (fixed N) limits the fertility of much of the ocean. Of the processes that remove fixed N from the ocean, conversion to N 2 in coastal sediments appears to dominate. This work provides the strongest data-based support for the long-standing hypothesis of changes in N loss along the ocean margin due to the cyclic drowning and emergence of the continental shelves. The data also imply strong local coupling of N loss to N 2 fixation, the dominant N input to the ocean, thus suggesting a stable oceanic fixed N reservoir over glacial cycles. Finally, this work points to glacial/interglacial oscillations in the biogeochemical fluxes at and near the ocean margins that would have influenced the evolution of coastal species. (See pp. E6759-E6766.)
Factor-dependent archaeal transcription termination Julie E. Walker, Olivia Luyties, and Thomas J. Santangelo
Proper transcription regulation is necessary for timely and accurate gene expression underlying growth and development. Transcription is regulated at each stage of the transcription cycle-initiation, elongation, and termination-and it is critical to define the factors and sequences regulating RNA polymerase activity. Many studies have investigated the mechanisms used by transcription factors involved in regulation of transcription initiation and elongation, but a mechanistic understanding of transcription termination has been slower to emerge. Here we characterize the first archaeal transcription termination factor, termed euryarchaeal termination activity (Eta). The mechanisms of Eta-mediated termination provide the first understanding of archaeal factor-dependent termination and provide insight into and contrast with the mechanisms used for factor-dependent termination in extant life. (See pp. E6767-E6773.)
Conformational and chemical selection by a trans-acting editing domain
Charging of tRNAs with the wrong amino acid can result in mistranslation of protein-encoding genes. Proofreading by tRNA editing domains clears these mischarged tRNAs, ensuring fidelity; however, structures of complexes with mischarged substrates are not currently available, and many mechanistic questions remain unanswered. ProXp-ala, present in all domains of life, selectively removes Ala from tRNA Pro , leaving the cognate Pro-tRNA Pro intact. A chemically synthesized nonhydrolyzable substrate analog has allowed characterization of the enzyme-substrate complex using NMR spectroscopy. Based on NMR studies, mutagenesis, enzymatic assays, molecular dynamics, and X-ray crystallography, we conclude that ProXp-ala uses multiple strategies, including conformational selection by a dynamic helix, size exclusion, and chemical discrimination, to ensure editing solely of Ala-tRNA Numerous bacterial toxins can cross cell membranes, penetrating the cytosol of their target cells, but to do so exploits cellular endocytosis or intracellular sorting machineries. Bordetella pertussis adenylate cyclase toxin (ACT) delivers its catalytic domain directly across the cell membrane by an unknown mechanism, and generates cAMP, which subverts the cell signaling. Here, we decipher the fundamentals of the molecular mechanism of ACT transport. We find that AC translocation and, consequently cytotoxicity, are determined by an intrinsic ACT-phospholipase A (PLA) activity, supporting a model in which in situ generation of nonlamellar lysophospholipids by ACT-PLA activity remodels the cell membrane, forming proteolipidic toroidal "holes" through which AC domain transfer may directly take place. Intrinsically disordered proteins often form pathological oligomers implicated in various diseases. In many cases, these oligomers cannot be separated and characterizations of their sizes and conformations are difficult. We develop a single-molecule fluorescence method that can probe individual oligomers without separation and determine the equilibrium constants and oligomerization kinetics. By combining two-and three-color singlemolecule FRET spectroscopy with fluorescence lifetime analysis, it is possible to determine conformations and flexibility of individual oligomers unambiguously. We apply this method to the oligomerization of the tetramerization domain of p53 and compare conformations of monomer, dimer, and tetramer. This method will be useful in exploring other protein oligomerization systems involved in important biological and disease processes. (See pp. E6812-E6821.)
Exploiting conformational plasticity in the AAA+ protein VCP/p97 to modify function Anne Kathrin Schütz, Enrico Rennella, and Lewis E. Kay Cdc48/TERA/p97/VCP is an enzyme that utilizes energy stored in ATP to coordinate protein degradation and recycling in eukaryotic cells. Point mutations in p97 cause a degenerative disease in humans that affects the central nervous system, bone, and muscle. These mutations deregulate the structure and dynamics of p97 with implications for binding of a cofactor that recruits p97 to the lysosomal degradation pathway. Here we probe the plasticity of p97, searching for hotspots in this enzyme to revert the effect of disease mutations. We demonstrate that mutations at secondary sites can shift the dynamics and structure toward wild type, highlighting the potential of exploiting the plasticity of p97 in the rational design of compounds that restore function in disease mutants. (See pp.
E6822-E6829.)
Intraflagellar transport velocity is governed by the number of active KIF17 and KIF3AB motors and their motility properties under load Intraflagellar transport (IFT)-cargo transport inside cilia-is mediated by two different kinesin-2 motors: the slower KIF3AB and the faster KIF17. It was not understood how ciliary cargos, called IFT trains, could attain velocities that exceed the unloaded rate of KIF3AB. We find that high IFT velocities cannot be explained by KIF3AB motors speeding up in response to being pulled forward by their KIF17 partners. Instead, IFT velocity is governed by an equilibrium between a slower state, where at least one KIF3AB motor on the train is actively participating in transport, and a faster state, where KIF3AB motors disengage, and only KIF17 motors ferry the train. The more often IFT trains access the faster state, the higher their overall velocity. (See pp.
E6830-E6838.)
Testing inhomogeneous solvation theory in structure-based ligand discovery Repair of the majority of UV-induced DNA damage in mammalian cells by the nucleotide excision repair pathway starts with rapid recruitment of Xeroderma pigmentosum C (XPC) protein to the lesion. However, rapidity of XPC recruitment to the lesion site in a genomic context cannot be fully explained by the known properties of XPC or its partner protein DDB2. Here, we show that the DNA damage-detecting nuclear protein PARP1 forms a stable complex with XPC before DNA damage and transfers it very rapidly to the DNA lesion site if other repair conditions are present. Since PARP1 is known to interact with many proteins under steady-state conditions, our results reveal a paradigm that an association with PARP1 could confer a functional advantage to these proteins. (See pp. E6847-E6856.)
Superresolution expansion microscopy reveals the three-dimensional organization of the Drosophila synaptonemal complex Cori K. Cahoon, Zulin Yu, Yongfu Wang, Fengli Guo, Jay R. Unruh, Brian D. Slaughter, and R. Scott Hawley Because inaccurate chromosome segregation during meiosis is a leading cause of miscarriage in humans, we seek to understand how homologous chromosomes segregate properly. Meiotic chromosome segregation occurs with fidelity only in the presence of the synaptonemal complex (SC), a protein structure that assembles between homologs and facilitates the occurrence of crossing over. Although some functions of the SC are evolutionarily conserved, the mechanisms underlying its multiple roles during meiosis, as well as organizational variances among different organisms, remain under investigation. Here we combine superresolution and expansion microscopy and find strong evidence that the Drosophila SC comprises two visually distinct layers, perhaps suggesting that each layer connects one sister chromatid from each homologous chromosome. (See pp. E6857-E6866.)
Interferon-γ is a master checkpoint regulator of cytokine-induced differentiation Zhao Zha, Felicitas Bucher, Anahita Nejatfard, Tianqing Zheng, Hongkai Zhang, Kyungmoo Yea, and Richard A. Lerner
The understanding of the molecular mechanisms of activation and checkpoint processes has important therapeutic implications.
Here, we show that interferon-γ is a master checkpoint regulator for many cytokines. It operates partially by activating STAT1 signaling. However, most important is the mechanism that allows it to assume master regulator status. To do this, it induces internalization of gp130, a common component of many heterodimeric cytokine receptors. Elevated leaf vein density is a key step in the evolution from C 3 to C 4 plants. We hypothesized that high vein density in C 4 leaves is due to elevated auxin biosynthesis and transport in developing leaves. We found higher expression levels of genes promoting auxin biosynthesis and higher auxin content in developing C 4 leaves than in developing C 3 leaves. We also found higher auxin content and vein density in loss-of-function mutants of MYC2, an auxin biosynthesis suppressor. Despite decades of studies, the development of competitive glutamate-site antagonists that can distinguish between NMDA receptor subtypes based on GluN2 subunits has been unsuccessful. The resulting lack of subunit-selective NMDA receptor ligands has led to the widespread use of competitive antagonists with only modest subunit preference in neurophysiological and behavioral studies. This study describes competitive glutamate-site antagonists with a binding mode in the GluN2A agonist binding domain that enables indirect engagement between ligands and nonconserved residues to achieve preferential binding to GluN1/2A over GluN1/2B. These findings are required for rational drug design and suggest that glutamate-site competitive antagonists with considerable subunit selectivity can be developed, despite the highly conserved nature of the glutamate binding site. (See pp.
E6942-E6951.)
Neuronal cytoskeletal gene dysregulation and mechanical hypersensitivity in a rat model of Rett syndrome Aritra Bhattacherjee, Ying Mu, Michelle K. Winter, Jennifer R. Knapp, Linda S. Eggimann, Sumedha S. Gunewardena, Kazuto Kobayashi, Shigeki Kato, Dora Krizsan-Agbas, and Peter G. Smith
Cutaneous sensitivity appears to be abnormal in Rett syndrome and other autistic disorders. Using rats with disrupted methyl-CpG binding protein 2 (MeCP2) expression characteristic of Rett syndrome, we found that MeCP2 deficiency in sensory neurons led to augmented pressure and cold sensitivity but hyposensitivity to heat, accompanied by respective changes in cutaneous innervation. Transcriptome analysis of MeCP2-deficient ganglia showed up-regulation of genes associated with actin cytoskeletal dynamics and adhesion formation; down-regulating key genes in vivo normalized both mechanical sensitivity and innervation density. The hippocampus with its dense reciprocal axonal projections to and from cortex is widely believed to mediate numerous cognitive functions. However, it is unknown whether and how specific hippocampal-cortical activity contributes to the brainwide functional connectivity. Here, we use optogenetics and fMRI to examine how excitatory neural activity initiated in the dorsal dentate gyrus of the hippocampus propagates and modulates resting-state fMRI (rsfMRI) connectivity. We discover its robust propagation brain-wide at low frequency (1 Hz), which enhances interhemispheric rsfMRI connectivity and cortical and subcortical visual responses. Our findings highlight the important role of slow hippocampal-cortical oscillatory activity in driving brain-wide rsfMRI connectivity and mediating sensory processing. (See pp. E6972-E6981.)
Hyperpolarized 13 C MR metabolic imaging can detect neuroinflammation in vivo in a multiple sclerosis murine model Caroline Guglielmetti, Chloé Najac, Alessandro Didonna, Annemie Van der Linden, Sabrina M. Ronen, and Myriam M. Chaumeil Cells from the innate immune system, namely microglia and macrophages (mononuclear phagocytes, MPs), play a central role in the progression of neurological disorders such as multiple sclerosis. Such cells can contribute to lesion formations (proinflammatory) or participate in remyelinating processes (neuroprotective). When differentiated to a proinflammatory phenotype, MPs experience metabolic reprogramming leading to increased glycolysis and production of lactate. In this study we showed that a new metabolic imaging method, namely 13 C magnetic resonance spectroscopic imaging (MRSI) of hyperpolarized pyruvate, can detect increased lactate production from proinflammatory MPs, a mechanism mediated by pyruvate dehydrogenase kinase 1 upregulation, in a preclinical model of multiple sclerosis. These findings validate the potential of The activity-dependent organization of synaptic components occurs during brain development in response to experience, and involves the precise regulation of the localization of synaptic proteins. However, the molecular mechanisms underlying activitydependent organization of synaptic proteins remain unclear. We found that inhibition of the phosphorylation of the scaffold protein liprinα1 by neuronal activity promotes the synaptic localization of a major postsynaptic organizer, PSD-95, through increased liprinα1-PSD-95 interaction. This suggests that the phosphorylation status of liprinα1 functions as a molecular control for the activity- Optimizing the balance between light harvesting and photoprotection holds great promise for improving photosynthetic efficiency and ultimately crop yields. The switch between these two states is regulated by xanthophyll cycling, which occurs in response to changing light conditions. Two xanthophyll cycles have been described in vascular plants: the violaxanthin cycle and the lutein epoxide cycle. The contribution of the lutein epoxide cycle to photosynthesis has been difficult to dissect because the violaxanthin cycle often functions in parallel and responds more rapidly. The introduction of the lutein epoxide cycle into Arabidopsis thaliana creates a model system in which to study this ecologically significant but less well-characterized xanthophyll cycle and reveals its role in modulating a rapidly reversible component of nonphotochemical quenching of chlorophyll a fluorescence in response to light. (See pp. E7002-E7008.)
Dissecting and modeling zeaxanthin-and lutein-dependent nonphotochemical quenching in Arabidopsis thaliana The balance between light harvesting and photoprotection is a critical component of photosynthetic efficiency and must be maintained in fluctuating light conditions. Two xanthophylls play key roles in the vascular plant response to changes in light intensity: zeaxanthin and lutein. Chlorophyll fluorescence decay studies of Arabidopsis thaliana mutants enabling the isolation of individual contributions of zeaxanthin and lutein to the response and a kinetic model of quenching make it possible to model the mutant data and predict the combined influence of zeaxanthin and lutein on nonphotochemical quenching in WT A. thaliana with the use of a single scaling factor. Pre-mRNA processing not only enhances the diversity encoded in the genome without the need to increase the number of genes but also provides a means to adjust cellular transcript abundance. Environmental light has a profound effect on transcript accumulation, but how this is partitioned between transcriptional and posttranscriptional processes is largely unknown. Here we describe the identification and characterization of the splicing factor for phytochrome signaling (SFPS), which directly interacts with the photoreceptor phytochrome B. sfps seedlings are hyposensitive to light and display pre-mRNA splicing defects in a large number of genes, many of which regulate light signaling and the circadian clock. Thus, light might control pre-mRNA splicing in addition to transcription of many genes through SFPS to promote photomorphogenesis. (See pp. E7018-E7027.)
